Morphophysiological Response of Some Oil Crops to B-Vitamins and NPK Application by Sajjad, Azhar
MORPHOPHYSIOLOGICAL RESPONSE OF 
SOME OIL CROPS TO B-VITAMINS 
AND NPK APPLICATION 
i 
^ DISSERTATION ^ ' 
SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS 
FOR THE AWARD OF THE DEGREE OF 
/ Maittt of $I)iIosiot)I)p 
' IN 
\ 
BOTANY 
AZHAR SAJJAD 
DEPARTME^4T O F B O T A N Y 
A L I G A R H M U S L I M U N I V E R S I T Y 
A L I G A R H ( I N D I A ) 
1995 
'r 
r 
' i < ,••<. 
2 9 JUin33 
DS2980 
Wj$ 
m 
laii 
SAMIULLAH 
M.Sc., Ph. D. (AUg.), F. B. S. 
Professor of plant Physiology 
rOffi.401016 
^^ '' lRes.403991 
Department of Botany 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH-202 002, INDIA 
Dated. o^'ll-Wt' 
C E R T I F I C A T E 
This is to certify that MR. AZHAR SAJJAD has 
worked under my supervision and he has fulfilled 
all conditions required to supplicate the M.Phil. 
degree in BOTANY. I, therefore, approve that he 
may submit his dissertation entitled, "MORPHO-
PHYSIOLOGICAL RESPONSE OF SOME OIL CROPS TO 
B-VITAMINS 7VND NPK APPLICATION". 
(SAMIULLAH) 
Supervisor of Research 
ACKNOWLEDGEMENTS 
It is my profound duty to Thank the Almighty Allah who has 
graced me the occasion to present my dissertation in this 
form. 
I am grateful to Dr. Samiullah, Professor, 
Department of Botany, Aligarh Muslim University, Aligarh 
for his able guidance and continued interest during the 
course of this study. 
I must record my indebtness to Prof. Wazahat 
Hussain, Chairman, Department of Botany for providing 
necessary facilities for research work. 
Thanks are due to Drs. Aqil Ahmad, Arif Inam, Feroz 
Mohammad, Nafees Ahmad Khan, Mohammad Masroor A. Khan, 
Ozair Aziz, M. Yahya, Moinuddin Khan and Mr. Subramaniam. 
Thanks are also due to all my colleagues who 
constantly encouraged me during the preparation of this 
manuscript. 
Special mention must be made of my respected 
parents, brothers and sisters for their constant moral 
support at every stage of my work. 
Azhar Sajjad 
CONTENTS 
CHAPTER PAGES 
INTRODUCTION 1 - 4 
REVIEW OF LITERATURE 5 - 6 9 
3. MATERIAL AND METHODS 7 0 - 8 9 
APPENDIX 90 - 92 
**** 
INTROOUCnON 
Chapter - 1 
INTRODUCTION 
Contents PAGE NO 
1.1 Introduction 1 - 3 
4 
1.2 References 
1.1 INTRODUCTION 
The rape-seed of commerce is obtained from the 
f5pec-'f^5^  of Brassica, member of Cruciferae and within the genus 
there are some 160 species, mainly annual and biennial 
herbs. The term rape is derived from latin word 'rapum' 
meaning turnip (Weiss, 1983). There are mainly nine oilseed 
crops namely, groundnut, rape seed mustard, soybean, 
sunflower, sesame, castor seed, nigerseed, linseed and 
safflower. India has about 19.85 m ha under oilseed 
cultivation and ranks first in the world as far as area 
under groundnut, linseed, sesame and niger is concerned. It 
is third in the world in respect to acreage (3.73 m ha) 
under rapeseed mustard, canada being the first followed by 
China. 
The cause of low productivity of oilseeds in India is 
that 75 percent of the farmers have small or marginal 
holdings of less than two hectares. Moreover, only 15 per 
cent of the area under oil seeds is irrigated as compared 
to 72 percent under wheat and 44 per cent under rice. Slow 
progress in developing high yielding varieties-, 
post-harvest technology and lack of proper processing 
facilities are other causes of low productivity. In 
addition, oil seeds are more prone to pests and diseases 
compared with rice and wheat (Tripathi, 1993). 
Vegetable oils and fats are used both for edible and 
industrial purposes. It is concentrated source of energy 
and supplies per unit weight more than double the energy 
furnished by either protein or carbohydrates. In the human 
body, fats and oils act as a transport medium for vitamin 
A,D, E and K. Some fats especially vegetable oils, provide 
essential fatty acids (what are called linoleic acid and 
archidonic acids) to the human body. 
Fats that circulate in the blood are of many types -
triglycerides, phospholipids etc. The quantity and quality 
of fat consumed, affects the level of cholesterol in the 
blood. Ground nut oil, sesame oil and sunflower oil, which 
contain a high proportion of poly-unsaturated fatty acids do 
not increase blood cholesterol levels to the same extent as 
coconut oil, butter, ghee (margarine) and hydrogenates 
vegetable oils, which contain high proportion of saturated 
fatty acids (Anonymous, 1995). The non edible oils have many 
uses in industries, like soap, paint, varnish, hair oil, 
greases, lubricants, oil cakes, and thin by products are 
used as cattle feed and manure. 
With advancement of science and technology self 
sufficiency has been achieved in the production of cereals. 
However, a large gap between production and consumption 
still exists for oil seed crops. To meet the requirement, 
country has to import oil by investing large amounts of 
foreign reserves. This import bill can not be further 
extended and there should be technique to enhance the 
productivity of oil crops. In this regard breeders are 
trying to evolve varieties capable of higher efficiency for 
nutrient utilization. 
The judicious application of fertilizers (N,P and K 
fertilizers) can improve the productivity of crop plants to 
a great extent (Afridi and Samiullah, 197? , Mohammed ef_ 
al. 1987). Ironically, nutrients alone can not serve the 
purpose as these would be more investment of energy in the 
production of fertilizers. To meet the challenge, at 
Aligarh, Prof. Samiullah and associates have tried vitamin 
B^ in the fertilizers use efficiency of mustard and 
achieved much sucess (Khan, 1989 , Samiullah et^ _al. 1991). 
Vitamin B acts as co-enzyme in several enzymatic reaction, 
thereby modifying the physiological process in a better 
sink-source relationship.Since oil crops have large amount 
of sulphu-^ . It is therefore decided to study the role of 
sulphur containing B-vitamin in productivity of oil crops. 
The objectives of the experiment are as follows : 
1. To study the role of sulphur containing B*vitaniin in the 
productivity of oil crops. 
2. To study the effect of sulphur containing B vitamin in 
fertilizer use efficiency. 
3. To study the method of application of sulphur 
containing p-vitamin and nutrient for higher yield. 
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REIVEW OF LITERATURE 
2.1 VITAMINS 
Vitamins are organic compound,' which are required 
in trace amount to maintain normal growth and proper 
development of organisms. However, they do not furnish 
energy and are not utilised as building blocks for the 
structure of the organism. These compounds act as co-enzyme 
in a number of enzyme system and thus take part in the 
regulation of metabolism. Their importance was first 
recognised in animals, and thereafter in plants because the 
latter are autotrophs and synthesize these substances 
themselves with probable exception of vitamin D. 
Funk in 1912 was the first to isolate an amine 
from rice husk and polishing that alleviated the symptoms 
of the disease "beriberi". He also proposed the term 
"vitamine" for it (Lehninger, 1982). Drumond in 1920 
dropped the terminal "e" of vitamine because many of the 
compounds of this group were not amines. The term "vitamin" 
coined by him was accepted by later vitaminologists. 
McCollum and Davis in 1915 classified all vitamins into two 
groups (i) fat soluble and (ii) water soluble. The fat 
soluble vitamins included A, D, E and K while water soluble 
vitamins covered B and C. Wagner and Falkers in 1964 
described vitamins as follows : 
a) Organic compounds 
b) components of natural food but distinct from carbo-
hydrates, proteins and fats. 
c) present in natural food in extremely small concentration. 
d) essential for normal health and growth. 
e) causing specific deficiency symptoms when absent or not 
properly absorbed from the diet and 
f) not synthesised by the host (animals and human beings). 
They must therefore, be obtained exclusively from the 
diet. 
It is intresting to note that among the living 
beings, only plants synthesise vitamins with the exceptions 
of vitamin D. Animal and man depend upon the plants for 
their requirement because they are heterotroph and do not 
synthesise their food. Ironically physiological role of 
vitamins is not well understood in plants as in animals. 
However, synthesis, distribution, translocation and 
function of B-vitamins were investigated to some extent in 
plants during the first half of the present century (Bonner 
and Bonner, 1948). 
2.2 ROLE OF THE B-VITAMINS 
2.2.1 Thiajnin : 
Thiamin was first isolated in pure form by Jansen 
and Donath in 1926 and its empirical formula (C,_H ^N OSCl ) 
l'^  18 4 2 
was proposed by R. Williams in 1936 (Rosenberg, 1942). Thia-
min has two ring system, a pyrimidine and a thiazole which 
are united by a methylene bridge. It is found in the form 
of t h i a m i n e p y r o p h o s p h a t e (TPP) wh ich f u n c t i o n s as a 
co-enzyme i n s e v e r a l enzyma t i c r e a c t i o n s i n which an 
a l d e h y d e g r o u p s a r e t r a n s f e r r e d from d o n o r t o an a c c e p t o r . 
H NHi 
•^  CM, 
Tln.Tiinn (vttainin 13,^  
2.2-2 Riboflavin : 
Osborne and Mendel in 1913 first recognised this 
vitamin in milk which promotes growth. In 1933, riboflavin 
was isolated in pure form by Ellinger and Koschara; and 
Kuhn, Gyorgyi and Wagner-Ja\ir-egg. The structure of 
riboflavin was established by Kuhn and Karrcr in ]935 
(Rosenberg, 1942). Riboflavin has the empirical formula 
C-_,H„_N.O,. It is a component of two closely related 17 20 4 6 
co-enzyme, flavin mononucleotide (FMN) and flavin adenine 
dinucleotide (FAD). They functions as tightly bound 
prosthetic groups of a class of dehydrogenases known as 
flavoproteins or flavin dehydrogenases. The isoalloxazine 
ring of the flavin nucleotides serves as transient carrier 
of a pair of hydrogen atoms removed from the substrate 
molecule in the reactions catalysed by these enzvr-e 
(Lehninger, 1982) . 
o 
H 
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2.2.3 Pantothenic acid 
In 1933, R.J. Williams found that naturally 
occuring compound of unknown chemical composition, 
stimulates the grovth of yeast. Later, in 1938, its 
chemical nature was worked out by him. Kuhn and Wieland in 
1940 synthesized the pantothenic acid. It has the empirical 
formula C Q H , _ O C N . Pantothenic acid is a component of 
co-enzyme A which is a transient carrier of acyl groups in 
enzymatic reactions involved in fatty acid oxidation, fatty 
acid synthesis, pyruvate oxidation and biological 
acetylations. The chemical mechanism by which co-enzyme A 
carries acyl groups was established by F. Lynen in 1951. He 
isolated an "active" form of aceta-e from yeast and showed 
it to consist of a thioester of acetic acid with thiol or 
sulfhydryl group of co-enzyme A (Lehninger, 1978). 
CH^ QH 0 
I I I 
HO - CH - C CH - C - N - CH,-CH,-COOH 
I I 
CH3 H 
Pantothenic acid 
2.2.4 Niacin (nicotinic acid) : 
In 1912-14 Funk and Suzuki isolated nicotinic acid 
from yeast and rice bran, but failed to recognize its 
vitamin character. Elvehjem and Woolley in 1937, identified 
it as the nutritional factor preventing black-tongue in 
dogs and pellagra in man. Nicotinamide is the amide form of 
nicotinic acid. In 1937, Fouts et al^  reported the first 
successful treatment of human pellagra with nicotinamide 
(Rosenberg, 1942). Nicotinic acid and nicotinamide has 
empirical formula C^HcO-N and CgHgON_ respectively 
(Rosenberg, 1942). 
Nicotinamide is component of two related 
co-enzymes, nicotinamide adenine dinucleotide (NAD) and 
nicotinamide adenine dinucleotide phosphate (NADP). These 
two co-enzymes are also referred to as pyridine co-enzymes 
or pyridine nucleotides, since nicotinamide is a derivative 
of pyridine. The pyridine nucleotides function as the 
co-enzymes of a large number of oxidoreductases, 
collectively called as pyridine-linked dehydrogenases. They 
act as electron acceptors during the enzymatic removal of 
hydrogen atoms from specific substrate molecules. One 
hydrogen atom from the substrate is transferred as a 
hydride ion to the nicotinamide portion of the oxidised 
forms of the coenzymes (NAD and NADP ) to yield the 
reduced coenzyme (NADH and NADPH, respectively) (Lehninger, 
1978). 
IC 
Nicotinic acfd 
(niacin) 
CON'Hs 
(slicolihamlcJe 
2.2.5Pyridoxine : 
First in 1932 Ohdake isolated a compound of z'ze 
formula CoH,,0,N.HCl from rice polishing, but failed to 
o JL i J 
recognise its vitamin character. Gyorgy was the first to 
define vitamin B, as distinct entity in 1934. Later on 
b 
isolation of the pure crystalline vitamin B, was dene 
independently by various research workers namely, 
Lepkovsky, Kerestztesy and Stevens, Gyorgy, Kuhn and Wendt 
and Itiba and Miti in 1939 (Rosenberg, 1942). Vitamin B^ 
b 
groups includes three closely related compounds viz. 
pyridoxine, pyridoxal and pyridoxamine. The active forn cf 
vitamin B^ is pyridoxal phosphate which also occurs in its 
amino form pyridoxamine phosphate. Pyridoxal phosphate 
serves as the tightly bound prosthetic group of a number cf 
enzymes catalyzing reactions of amino acids. The best 
common of these are transminations reaction in which an 
amino group of c<-amino acid is reversily transferred to 
e<-carbon atom of an »C-keto acids (Lehninger, 1982). 
CHjOH 
Pyridoxine 
n 
CHO 
HO -
CH^NH^ 
^--CH^OH 
Pyridoxamine 
2.2.6 Biotin 
In 1927, Boas found that certain foods contain an 
organic substance which protects against egg— white 
toxicity. In 1931, Gyorgy recognised the necessity of an 
egg-white injury factor (vit. H) for man. In 1935, Kogl was 
the first to isolate it in pure form and in 1942 its 
chemical structure was given by Duvicneaud (Rosenberg, 
1942). Biotin has empirical formula (C,_H-,0 N S). It 
contains fused imidazole and thiopene rings. Biotin is the 
active component of Biocytin. Biotin is transient carrier 
of carbondioxide during the action of certain carboxylatina 
enzymes e.g. propionyl CoA carboxylase and acetyl-CoA 
carboxylase (Lehninger, 1978). 
COOH 
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2.2.7 Folic acid : 
Pfiffner in 1943 reported the isolation of a 
compound which was active for Lactobacillus casei and which 
promoted growth and hemoglobin formation in chick. This 
factor was designated "vitamin Be" because of its relation 
to the chick nutrition. Later on in 1945, Pfiffner 
announced that this active compound is present in yeast and 
yeast extracts (Harris and Thimann, 1948). 
Folic acid has three major compounds : glutamic 
acid, P-amino benzoic acid and Pteridine derivatives. Folic 
acid does not act as co-enzyme itself, but it is 
enzymatically reduced in the tissues to tetrahydrofolic 
acid (FH.) which is the active co-enzyme form of this 
vitamin. FH. functions as an intermediate carriers of 
1-carbon groups in a number of complex enzymatic reactions 
in which -CH^, -^^2~' ~^^^' "CHO, -CH=NH groups are 
transferred from one molecule to another (Lehninger, 1982). 
HOOC-CH2-CH2-CHNH - C 
I 
COOH 
glutamic acid 
u \ 
-NH-H2C-
-NH' 
r 
p-aminobenzoic acid 
OH 
Pteridine 
Folic Acid 
13 
2.2.8 Vitaunin B (Cyanocobalamine) i 
It is discovered by George Minot and William Murphy 
in 1926 and isolated in cyrstalline form in 1948 by E.L. 
Smith and by E. Rickes and K. Folkers. Its empirical 
formula is C, ,H„-.0, .N, .PCO. It is the precursor of coenzyme 63 90 14 14 ^ ^ 
B,_. Vitamin B, „ is unique among all the vitamins in that 
it contains not only a complex organic molecule but also an 
essential trace olcmont, rohnit. Vitamin R, „ is callod 
cyanocobalamine because it contains a cyano group attached 
to the cobalt. Enzymes requiring co-enzyme B, _ have a 
common denominator the ability to carryout the shift of a 
hydrogen atom from one carbon atom to an adjacent one, in 
exchange for an alkyl, carboxyl, hydroxyl, or amino group 
(Lehninger, 1982). 
CH^ CHi CoriHi c 
,CH3 
C«3 CH>CoMHl 
CHz CHi CO^^l 
Vitamin B-|^ 2 
5,6-Dimethylbenziniidazole 
ribonucleotide 
14 
2.3 VITAMINS AS GROWTH FACTORS FOR PLANTS 
2.3.1 Effect of pre-sowing seed treatment 
It is now well understood that the vitamins as a 
prosthetic groups of various enzymes control the various 
metabolic activities. 
Sufficient quantity of food reserves, minerals, 
vitamins and harmones are stored in seeds for the 
development of embryo until it becomes an independent 
plant. However, in seeds of some newly evolved high 
yielding varieties of crop plants, the vitamin content 
remains insufficient, resulting in poor germination, 
growth and development. In such cases, the exogenous 
application of vitamins as pre-sowing seed treatment may 
prove effective. In the following paragraphs, the 
available literature on pre-sowing seed treatment with 
vitamins is reviewed briefly. 
lijima (1952) soaked the seeds of Kentucky wonder 
and master piece kidney bean. Golden Bantam maiz and 
Mijashige Japanese raddish in solution of various 
concentration of vitamin B, (Thiamin) ranging from 
0.0000001 to 100 ppm.vitamin B, functioned as an activator 
of germination and accelerating the growth of plumules and 
radicles especially at an early stage of germination. It 
was noted that the germination in old seeds was also 
increased. Optimum concentration of vit. B^ was found to 
be 0.01 ppm. Vitamin B, in cotyledons, plumule and radicle 
was recorded and found that concentration as well as 
15 
amount per seed of vit. B, decreased as dry matter 
decreased in dark but increased rapidly under light. 
Measurement of the amount of both free and ester type of 
the vitamin in 1 to 4 years old seeds showed that the 
concentration of both types of the vitamin decreased with 
age. 
Kjelvik (1965) noted that soaking of the seeds of 
outdoor cucumber, raddish and lettuce for 24 hrs in 
various chemicals including nicotinic acid. It was noted 
that yield of plants increased by soaking the seeds in 
this vitamin. Aizikovick (1967) reported that soaking of 
rice seeds in vit. B^ and B_ increased the yield by 9.0% 
2 
as compared to control. The emergence of plant/m was also 
higher in comparison to untreated seeds (control). 
Gutmanis (1967) noteld that soaking of pea seeds 
in 0.01% vitamin B, increased the yield of pea by 15%. 
Further, it was observed that seed treatment with vitamin 
C, pyridoxal phosphate and vitamin B^ increased the 
vitamin content of the crop by an average of 12% and total 
sugar content by 40%. 
Ovcharov and Kulieva (1968) soaked cotton seeds in 
pyridoxin solution and sown them with different sources of 
nitrogen and phosphorus fertilizers. The soaking with 
vitamins enhanced germination slightly. The area of the 
first leaf was increased two to three folds. Effectiveness 
of vitamin depended upon the forms of fertilizers used. 
16 
Root length of treated seedlings was more in the presence 
of ammonium sulphate than that of untreated seedlings and 
was less with nitrate. Vitamin B^ also increased nitrogen 
b 
and phosphorus contents in two day old seedlings which 
were more in plant receiving potassium dihydrogen ortho-
phosphate than those receiving superphosphate. 
Mileva (1969) treated the seeds of cotton with 
0.1% solution of vitamin C, B, and nicotinic acid. The 
solutions of these vitamins was also applied on the leaves 
of the crop at flowering and boll formation stage. Both 
modes of application enhanced the activity of catalase and 
dry matter accumulation in the leaves. 
Sinkovick (1970) studied the effect of the 
vitamins of the B group viz. panthothenic acid + nicotinic 
acid (B^ . + pp) / thiamin (B^  ) , mesoinosite (B_) and 
cobalamihe (B,_) on melon. These vitamins were applied to 
the seed and leaves of the plant. It was recorded that B 
produced the largest number of pistillate flower and the 
maximum yield. Seed treatment proved better than the 
application of vitamins on leaves with respect to yield. 
However, leaf treatment increased the fruit sugar content 
and altered the monosaccharide, disaccharide ratio. 
Genkel (1970) studied the effect of pre-sowing 
seed treatment with nicotinic acid and nicotinamide 
solution on grain yield and protein content of winter 
wheat cv. uljamovka. The seeds were soaked for 12 hrs. in 
17 
0.005% (a) 0.05% (b) and 0.5% (c) nicotinic acid solution, 
and in 0.05% (d) and 0. 5% (e) nicotinamide solution. It 
was observed that the seed yield increased from 16.7 q/ha 
in the control to 21.8 by (a), 18.8 by (b) and 24.5 q/ha 
by (d). However, the seed yield was reduced to 14.3 q/ha 
by (e). Seeds soaked in (a), (b), (c), (d) and (e) 
contained 89.2, 100.2, 96.3, 87.9 and 80.3 mg protein/gram 
dry matter respectively compared with 82.7 mg in untreated 
seeds (control). 
Sevebryakova (1971) soaked the seeds of Rosa 
cinnamomea in either 0.01% nicotinic acid or 0.02% vitamin 
B^ and noted that soaking treatment hastened germination 
by 3-4 days and increased emergence by 43 and 51% 
respectively as compared to the control. It was further 
noted that treatment with vitamin B., B- or nicotinic acid 
stimulated growth and synthesis of ascorbic acid and 
increased plant productivity. 
Polyanskaya and Kavadov (1974) reported an 
increase in the number of bolls/plant, boll weight and 
cotton yield as a result of soaking cotton seeds in 
nicotinic acid (0.01%-0.014%). The soaking treatment also 
increased the N and P uptake. 
Radzevicins and Bluzmanas (1975) performed water 
culture and field experiment to study the effect of tomato 
seed treatment with thiamin and nicotinic acid. In water 
culture experiment, they observed that both vitamins 
18 
increased growth and absorbing surface of the roots. Field 
trial showed that soaking treatment increased the 
chlorophyll and vitamin contents in leaves. The plants 
raised from soaked gave 23% to 30.2% more yield than those 
of control plants. 
Kulieva et. al. (1976) investigated the response of 
melon cv. Sarygulyabi and the water melon cv. Zimme-344 to 
treatment of vitamins. The seeds were treated with 
thiamin, cyanocobalamine nicotinic acid, pyridoxins or 
ascorbic acid at concentration ranging from 0.01 to 
0.0001%. The effect of individual treatment was studied on 
stem and root development at 45 days and the number and 
weight of fruit at 90 days. The best result were obtained 
when the seeds were treated with 0.001% thaimin or 0.0001% 
nicotinic acid and 0.0001% cyanocobalamine. 
Serebryakova and Kalanova (197 7) found that the 
pre-sowing treatment of seeds of Rosa cinnamomea with 
vitamin B, , B„, nicotinic acid and vitamin C increased 
germination by 43, 51, 30 and 30% respectively compared 
with the control.The treatment increased plant vigour and 
the output of stand and seedling/ha and improved their 
quality. 
Ashfaq et al. (1983) studied the effect of soaking 
of grains of triticale var. Branco-90 in aqueous 
pyridoxine solution on its germination and yield 
characteristics. They soaked the seeds in 0.0 (control), 
19 
0.1, 0.2, 0.3 and 0.4% aqueous pyridoxine solution for 12 
hrs and observed that most of the yield attributes were 
significantly affected by the treatment. Highest yield was 
obtained by 0.2% treatment and produced 37.7% more yield 
than in unsoaked (control). 
Ansari and Samiullah (1984) conducted a simple 
randomised field experiment on lentil (Lens culinaris 
Medic, var. T-36) to study the effect of pre-sowing seed 
treatment with pyridoxine on different yield parameters. 
The seeds were soaked in water (control), 0.1, 0.2, 0.3, 
0.4 and 0.5% aqueous pyridoxine solution for 12 hrs before 
sowing, with unsoaked seeds providing the second control. 
At harvest, pods/plant, pod length, seeds/pod, 1000 seed 
weight and seed yield were noted. Pyridoxin significantly 
affected all the parameters positively, except pod length. 
Soaking in 0.3% solution proved optimum. It increased pod 
number, seed number and seed yield but decreased 1000 seed 
weight. 
Khan and Ansari (1984) studied the effect of 
presowing of seeds of Phaseolus radiatus var. T-9 for 10 
hrs in 0.0, 0.1, 0.2, 0.3% aqueous solution of pyridoxine 
before sowing on its growth characteristics. Plants 
samples were collected after ten days sowing and they 
observed that pyridoxine significantly affected the growth 
parameters. Pre-sowing soaking treatment in 0.1% aqueous 
solution of the vitamin proved optimum which increased 
fresh weight and number of lattoral roots. 
20 
Ansari and Khan (1986) conducted a simple 
randomised field trial on summer moong var. K-851 to study 
the effect of pre-sowing seed treatment with 0.0, 0.1, 0.2, 
0.3, 0.4 and 0.5% aqueous pyridoxine solution for 4 hrs. 
The treatment significantly enhanced plant length, leaf 
number, fresh and dry weight at 30, 40 and 50 days growth, 
NAR at 20-30, 30-40 and 40-50 days growth and pods/plant, 
pod length, seeds/pod at harvest. Pyridoxine supply at 0.3% 
was found optimum. Seed yield was positively co-related 
with plant length at 30 and 40 days, with leaf number and 
dry weight at 30, 40 and 50 days, with fresh weight at 30 
and 40 days and with NAR at all intervals. Seed protein 
content showed positive correlation with plant length at 
30, 40 and 50 days, with fresh and dry weight at 40 and 50 
days and with NAR at 30-40 and 40-50 days. Pod number, pod 
length and seeds/pod were also correlated with seed yield 
only. 
Ahmad et al^ . (1986a) conducted a field experiment 
with five barley varieties namely 'NP, ,', 'NP^ i ', 'K-__-,„' 
iJ ^1 b/2/iU 
'^572/23' ^"^ clipper to study the effect of pre-sowing 
seed treatment with 0.01, 0.02 or 0.5% aqueous pyridoxine 
solution for 24 hrs. The treatment significantly enhanced 
the ear number and ear weight/plant, grain number/ear and 
grain straw yield. Varietal differences for all the ear 
characteristics were significant. Treatment variety 
interaction was significant for all ear characteristics 
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except ear number/plant. The combination 0.02 x '^^572/10' 
gave the best. 
Ahmad et al. (1986b) further reported the etfect of 
above mentioned treatment on quality of seed and yield 
attributes of barley varieties. The treatments 
significantly affected 1000 grain weight, grain carohydrate 
and protein percentage but the differences were not marked. 
At harvest, varietal variation was found with regard to 
grain quality. K__„ .^ n gave the highest 1000 grain weight, 
grain carbohydrate and protein percentage. While NP-- was 
the lowest yielder. Treatment x variety interaction were 
significant for 1000 grain weight and grain protein 
percentage. 
Hague (1988) conducted a sand culture experiment to 
study the comparative response of the two varieties of 
triticale i.e. Tiger "S" and Muskox "S" to the pyridoxine 
application as pre-sowing seed treatment. The seeds were 
soaked in 0.001% or 0.1% pyridoxine solution for 8 hrs. The 
leaf NPK content was studied at tillering heading and 
miliary grain stage of the plant growth while protein and 
carbohydrate content in seed was analysed at harvest. Of 
the pyridoxine solution used, 0.1% proved optimum followed 
by 0.01 and 0.001%. The cultivar Tiger "S" and 0.1% of the 
vitamin combination yielded the best results for the above 
studied parameters. 
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Khan et al^ . (1989) conducted a field experiment on 
mustard to study the effect of pre-sowing seed treatment 
with 0.0 (water control), 0.05%, 0.1% and 0.2% aqueous 
pyridoxine solution. A uniform basal dose of 60 kg N, 20 kg 
P and 30 kg K/ha was applied before sowing. Nitrogen, 
phosphorus and potassium were given as urea, monocalcium 
superphosphate and muriate of potash respectively. Sampling 
was done at 50, 70 and 90 days after sowing. Among various 
pyridoxin^treatment, 0.05% gave significantly maximum value 
for fresh and dry weight of roots at all growth stages 
except dry weight of root at 90 days. The effect of this 
treatment (0.05%) was at par with 0.1% pyridoxins treatment 
at 50 days. The increase in fresh weight of root due to 
0.05% treatment at 50, 70 and 90 days as 39.79, 37.21 and 
34.05% respectively in comparison to water soaked control. 
The dry weight of root was increased by 48.43% at 50 days 
and 57.12% at 70 days over the control due to 0.05% 
treatment. Chlorophyll "a", "b" and total chlorophyll were 
also significantly affected by soaking treatment at all 
growth stages except chlorophyll "b" and total chlorophyll 
at 90 days. The soaking treatment in pyridoxine (0.05%) 
again proved best for different chlorophylls at all growth 
stages. This treatment increased chlorophyll "a" by 11.66% 
at 50 days, 31.11% at 70 days and 28.49% at 90 days; 
chlorophyll "b" by 12.28% at 50 days and 18.31% at 70 days; 
total chlorophyll by 14.02% at 50 days and 17.35% at 70 
days compared with water soaked control. 
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Ansari et a_l. (1990) conducted a field experiment 
on lentil (Lens culinaris L. Medic cv. T-36) to study the 
effect of pre-sowing seed treatment with pyridoxin^ on 
various growth and yield characteristics. The seeds were 
soaked in 0.1, 0.2, 0.3, 0.4, and 0.5% aqueous solution of 
pyridoxine for 12 hrs. Vitamin treated plants showed better 
growth at 60, 90 and 120 days after sowing (DAS). 
Application of pyridoxine produced more dry weight, root 
nodule number, leaf area, leaf NRA and leaf N, P and K 
content at all stages. These characteristic were enhanced 
at one or more growth stages and at varying levels of 
pyridoxine. In general, the 0.5% treatment did not increase 
above controls and in some cases was depressive. Net 
assimilation rate during the periods 60-90 and 90-120 days 
was significantly affected by pyridoxine treatment and 0.3% 
giving highest values. However, the effect of 0.3% was 
equalled by those of the 0.1% and 0.2% at 90-120 DAS. Leaf 
nitrate reductase activity was significantly enhanced at all 
stages by 0.3% pyridoxine treatment and leaf N, P and K 
contents at all the three samplings were also significantly 
affected by the treatment and 0.3% treatment giving the 
highest values. It was also recorded that the highest 
number of pods/plant and seeds/pod were in the 0.5% 
treatment. However, in spite of this adverse effect, the 
0.3% resulted in the highest seed yield/plant and/ha. 
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Samiullah et a]^. (1991) conducted a factorial 
randomised experiment on mustard (Brassica juncea Czern and 
Coss) cv. Varuna to study the effect of pyridoxine as 
pre-sowing seed treatment. The seeds were soaked in water 
(control), 0.0125, 0.025, 0.05 and 0.1% aqueous pyridoxine 
solution and thereafter seeds were sown with three 
combination of nitrogen and phosphorus ^^60^20' ^90^30' 
N<rrt on+P-in)' I't was observed that 0.0125% pyridoxine 
treatment showed the highest values for length of main 
(tap) root, leaf number, dry weight and leaf N, P and K 
contents and 50, 70 and 90 days after sowing (DAS), net 
assimilation rate at 50-70 DAS and 70-90 DAS intervals as 
well as pods/plant, seeds/pod, hecto-litre weight of seeds, 
oil content and yield of seeds and oil at harvest. 
Moreover, the pyridoxine resulted in "on par" values for 
above parameters with Ng-P2p and N--P-.. NP fertilizers 
more efficiently resulted in 14.3 and 28.4% higher yield of 
seed and seed oil respectively than the water soaked 
control. 
Samiullah et al_. (1992) conducted a factorial 
randomised field trial to study the effect of pre-sowing 
soaking treatment of seeds of lentil (Lens culinaris L. 
Medic) var. T-36 in 0, 0.2, 0.3 and 0.4% aqueous solution 
of pyridoxine for 12 hrs and 15, 30, 45 and 60 kg P/ha and 
of then interaction on nitrate reductase activity (NRA) at 
60, 90 and 120 days, net assimilation rate (NAR) at 60-90 
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and 90-120 days and pods/plant, length/pod, seeds/pod, 1000 
seed weight, seed yield and seed protein content at 
harvest. It was observed that the applicaiton of 0.3% 
pyridoxine and 30 kg P/ha separately and the interaction 
between 0.2% pyridoxine x 30 kg P/ha proved optimum for 
most of th^ parameters except the interaction effect for 
1,000 seed weight. NRA and NAR at all sampling showed a 
strong correlation (P < 0.01) with seed yield and seed 
protein content, while yield attributes showed a similar 
correlation with seed yield only. Thus, pre-sowing seed 
treatment with 0.3% pyridoxine in combination with 30 kg 
P/ha ensures a high yield and quality of lentil. 
Hague et al (1993) performed a sand culture 
experiment with two varieties of triticale namely. Tiger 
"S" and Muskox "S" to study the effect of pre-sowing seed 
treatment with graded aqueous solution of pyridoxine 
hydrochloride for 8 hrs. It was observed that plant raised 
from pyridoxine treated grains exhibited higher rate of 
root and shoot growth, sampled at 45, 60, 75, 90 and 105 
days after sowing (DAS). The leaves of these plants were 
also showed the increased nitrate reductase activity and 
the content of pyridoxine, chlorophyll, nitrate, nitrogen, 
phosphorus and potassium, net assimilation rate increased 
upto 90 days. At harvest, the grain and straw yield also 
improved. The seed of Tiger "S" treated with 0.1% of the 
pyridoxine solution proved better than the other cultivar. 
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2.3.2 Seed or organ treatment in culture medium 
Just like pre-sowing seed treatment, seed or organ 
of a plant can also be treated in culture medium having a 
sufficient quantity of vitamins. The available literature 
in this regard is reviewed below. 
Robbin and Hartley (1937) studied the effect of 
thiazole on the growth of excised tomato roots and found 
that the intact molecule of thiamin could be replaced by an 
equimolar mixture of two fragments of thiamin molecule 
representing the thiazole and pyrimidine portion. It was 
also noted that thiamin may be replaced by thiazole alone 
without producing the harmful effect on the roots of 
tomato. Thus, it was established that addition of 
pyrimidine was unnecessary. 
White (1937a) found that material obtained from 
yeast extract was essential for the satisfactory growth of 
excised tomato roots in vitro. 100 mg/1 of nutrient 
solution proved optimum. It was observed that treatment of 
yeast with various reagents provide information that all 
the effective materials were soluble in water and in 85% 
ethyl alcohol, stable in trichloro-acetic acid, unstable in 
nitrous oxide and insoluble in ethyl ether. It was 
concluded that the atleast 82% of yeast material was inert, 
only 85% of alcohol extract/litre of nutrient was optimal 
for growth. The material was separated into two fractions 
in 100% alcohol. Both fractions were found esssential for 
27 
satisfactory growth. Analysis of absolute alcohol in 
soluble fraction showed that a large amount of amino acid 
was present which was supposed to play an important role 
for isolated tomato roots as growth promoting substances. 
White (1937b) in another experiment studied the 
effect of vitamin B, in the nutrition of excised tomato 
roots and observed that vitamin B^ , a probable constituent 
of yeast was an important factor in the nutrition of 
excised tomato roots. The growth promoting effect of 
vitamin B, was detectable only in the presence of accessory 
salts which were indispensable, while growth at low level 
could be maintained apparently indefinitely in a nutrient 
medium containing vitamin B ^ standard salts, accessory 
salts and sugar. It was also noted that growth improved by 
the addition of a mixture of amino acids. 
Robbin and Schmidt (1939a) studied the effect of 
vitamin B^, as a growth promoting substance for excised 
tomato roots and observed that crystalline vitamin B^ 
(isolated from natural resources) when added to solution of 
nutrient, produced a marked increase in the growth of 
excised tomato, roots. The dry weight of roots also 
increased in Pfeffer's solution containing 2% vitamin B^ 
6 
for two months. 
Further, Robbin and Schmidt (1939b) observed that 
light brown sugar had more beneficial effect on the growth 
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of excised tomato roots than pure cane sugar in solution 
containing sugar minerals and thiamin and the growth of 
excised roots decreased by lowering the amount of light 
brown sugar in nutrient medium. The ash of brown sugar was 
not proved beneficial for root growth. It was also recorded 
that nicotinic acid, nicotinamide and amino acids were in-
effective when added to the solution of pure sugar minerals 
and thiamin while addition of vitamin Bg to the solution of 
sugar minerals and thiamin in which the proportion of brown 
sugar was reduced, was found effective for the growth of 
excised tomato roots and noted that vitamin B, was 
6 
responsible for the growth of hooks and curls of roots. 
Hitchcock and Zimmerman (1941) studied the effect 
of vitamin B^ on the established plant and on cuttings and 
observed that application of vitamin B^  was ineffective for 
the growth of potted asterplants in June or July or 
promoted root growth in cutting of nine genera which have 
initially treated with TEA. It was concluded that cuttings 
of the plants used were capable of meeting their own 
vitamin B, requirement. However, China aster seedling grown 
in pot during February and March produced taller plants 
with higher fresh weight by weekly treatment of vitamin B, 
solution in comparison to plant receiving tap water only. 
Clark (1942) studied the effect of vitamin B, on 
the growth of Agroetis tenuis and Brassica alba and found 
that vitamin B, did not produced any significant 
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differences between the vitamin B treated plants and 
control when added to the nutrient solution in a 
concentration of 0.01 ppm. 
Dorothy (1943) studied the effect of thiamin, 
pyridoxine, nicotinamide and glycin on the growth of 
excised tomato roots. Uniform pieces of inoculum were 
transferred from tomato roots grown for 57 or more passages 
in the mineral sugar solution to which thiamin, pyridoxine, 
nicotinamide, neopeptone, glutamic acid and glycine were 
added in various combinations. It was observed that in 
basal agar without adding growth substances, the root 
seldom grew for more than two passages while addition of 
thiamin produced root tip at the rate of 1.77 mm/day for an 
unlimited number of passages and after adding the 
pyridoxine to the agar medium with thiamin, the daily rate 
was about 5.2 mm. The rooting in this medium showed the 
characteristic hooks and curls of the roots. Addition of 
nicotinamide to this medium did not show any beneficial 
effect while addition of neopeptone decreased it. The 
addition of glutamic acid to the agar medium having thiamin 
had little or no effect. 
Noggle and Wynd (1943) studied the effect of 
vitamin on germination and growth of orchids and observed 
that in an artificial nutrient medium in which a lot of 
maltose was supplied as a source of carbohydrate, the seeds 
of the orchid Cattleya trianae var. mooreaner x 
30 
C. schroederae germinated and produced normal growth. 
However, when mere purified maltose was used, neither the 
seeds of orchid germinated nor growth of seedlings occured. 
It was also observed that the inability of seeds to 
germinate was not overcome by the addition of thiamin 
hydrochloride, ascorbic acid or calcium pentothenate. 
However, on the addition of riboflavin to the medium, few 
seeds germinated and the presence of pyridoxine in the 
medium showed good germination but the subsequent 
development was poor. On the other hand, addition of 
nicotinic acid not only resulted in good seed germination 
but also showed excellent growth of seedlings. 
Gisiger (1944) is pot experiment studied the effect 
of vitamin B^ on the growth and cropping of different 
cultivated plants and observed that vitamin B^ had no 
beneficial effect on the growth of sunflower, maize, wheat, 
flux and hericot beans. He concluded that plants tested by 
him have sufficient quantities of endogenous vitamin B^ 
necessary for these growth. It was suggested that there was 
no necessity for its presence in fertilizers. 
Mariate (1944) studied the effect of vitamin B on 
the germination of cattleya orchid. The experiment was 
performed in test tube. The vitamin B was applied at the 
rate of 2.6 mg/litre. A control was also maintained having 
no vitamin. It was observed that germination was equally 
good in all cases but the seedlings in the test tube 
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containing vitamin B^ accelerated and in three months 42% 
of embryo produced leaves against only 3% of those not 
receiving vitamin B, 
Almestrand (1950) determined the requirement of 
growth factor of isolated wheat roots. The application of 
thiamin, pyridoxine and niacin was done. Among the vitamin 
tested, only pyridoxine was found necessary for the growth 
of wheat roots. 0.5 to 1.0 mg/litre pyridoxine proved 
optimum at 20-27°C. 
Almestrand (1951) studied the effect of pyridoxine 
and its two derivatives pyridoxal phosphate and 
pyridoxamine on wheat (var. Ergo II, pondus and vitrus), 
barley, oat and rye. The application of pyridoxine 
increased root length and enhanced glucose phosphate and 
nitrate uptake in wheat variety. Ergo II. However, other 
varieties of wheat crop did not response to these vitamins. 
Pyridoxal phosphate and pyridoxamine showed similar effect 
as pyridoxine. Barley, oat and rye did not response to 
these vitamins. 
Lee and Whaley (195 3) studied the effect of 
thiamin, niacin and pyridoxine on weekly intervals for four 
weeks. The effect was observed on the growth of excised 
tomato roots. The roots were grown in culture media (a) 
without vitamin supplements or (b) with individual or 
combined vitamin supplements of thiamin, niacin and 
pyridoxine. It was observed that growht in all media was 
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about the same during the first week. Little additional 
growth was observed from roots grown in containing niacin 
or pyridoxine alone. It was also noted that growth of roots 
was more in media containing thiamin alone, or combinations 
of any two or three of the vitamins than in media having no 
vitamins. Furthermore, it was also found that growth was 
significantly higher in medium containing all three vitamin-
than in other media. .Between the third and fourth weeks, 
however, the growth was markedly reduced in all media. 
Hence, it was suggested that the best period for the 
investigation pertaining to the effect of growth substances 
was during the second and third weeks. 
Vergnano (1959) studied the effect of vitamin B 
and B^ on the root cuttings and observed that vitamin B 
and B, added to the nutrient solution at the rate of 0.01 
mg/litre did not improve rooting of Colutea arbor escens but 
had a very good effect on Hedera helix. Rosa treated plants 
had a much greater number of buds and leaves and much 
larger leaf blades than the control. 
Skol'nik and Davydova (1962) observed that tomato 
plants grown in a nutrient solution without zinc produced 
severe deficiency symptoms. However, when vitamin B^ and B^ 
i 5 
added to the nutrient solution at the rate of 100 mg/litre, 
the symptoms disappeared to a large extent and plants 
resembled to those plants grown in a solution with complete 
nutrients. 
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Galzy (1969) studied the growth of Vitis rupestris 
grown in vitro in different nutrient media and observed 
that cuttings of Vitis rupestris with single leaf needed 
the sucrose for both, root and shoot growth at 20°C. It was 
observed that presence of vitamin B-group proved essential 
for both root and shoot growth. 
Zanenyagina and Bukin (1969) in water culture, 
studied the influence of a number of antagonists of 
pyridoxine and vitamins of B-group on the germination and 
viability of seeds, development of root system and above 
ground portions of the pea and wheat seedlings. Pyridoxine 
antagonists were added into Knop's nutrient medium in a 
-3 -5 
concentration ranging from 10 M to 10 M. These 
concentration of pyridoxine antagonist suppressed the 
germination rate and growth of roots and above ground 
portions of the seedlings of both species. The nature of 
the action of pyridoxine antagonists was determined by 
their chemical nature. Pyridoxine concentration ranging 
-4 -3 
from 10 M to 10 M sharply lowered the content of 
chlorophyll and yO-carotens in the leaf blades and the 
content of cytochrome b in the rocts of six day wheat 
seedlings. The symptoms appeared by B^ avitominosis was 
partially or entirely prevented by the introduction of 
pyridoxine into the medium. The vitamin of B--group also 
stimulated the growth of normal wheat and pea seedlings and 
enhanced the chlorophyll content in the leaves. 
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Ohira et al. (1976) studied the thiamin require-
ment of cells of several plant species in suspension 
culture. It was found that omission of thiamin from the 
medium causes rapid and complete cessation of growth in 
sub-culture of soybean, tobacco and rice cells. The initial 
level of thiamin was 0.6, 0.5 and 0.2 ug/g dry weight 
respectively. Furthermore, it was observed that thiamin 
precursors viz. mixture of thiazole and pyrimidine 
increased the growth of soybean cells satisfactorily. On 
the other hand Ruta and Peanut cells successfully 
sub-cultured for 10 passages in the absence of externally 
supplied thiamin. It was also noted that Ruta cell had 
average thiamin content of 0.5-0.6 ug in darkness and 3.5 
ug/g dry weight in the light when grown with thiamin. 
Rao and Reddy (1985) studied the effect of 
B-vitamins on the absorption of calcium, sodium, potassium 
and phosphorus in Vigna radiata seedlings. B-vitamin (10 
mg/1) enhanced the uptake of all the major elements. 
However, pyridoxine, pantothenic acid and nicotinic acid 
had shown profound effect on the absorption of potassium 
and phosphorus while thiamin, riboflavin and biotin 
influence the absorption slightly. 
2.3.3 Foliar Application 
Precedding review literature shows that adequate 
work on pre-sowing seed treatment with B-vitamin has been 
35 
done. In comparison to the seed treatment, little attention 
has been paid regarding to the effect of vitamins on the 
performance of crops by applying them on the leaves. The 
available literature on this aspect is being reviewed 
below. 
lijima (1955) studied the effect of foliage thiamin 
spray on the growth and yield of five varieties of sweet 
potato. It was observed that spray cf thiamin solution on 
the leaves promoted root growth, enhanced the number and 
length of root and also increased the fresh weight of stem 
and leaves. It was alsc observed that spraying thiamin 
solution on the leaves of sweet potato increased the 
percentage of large storage roots. Moreover the effective-
ness of spray was better in first half than the latter half 
of the growing season. 1 ppm thiamin concentration proved 
optimum when 2 ml/litre of the solution was sprayed on one 
plant at intervals of 10 days. 
Cajlahjan (1956) studied the effect of vitamins on 
the growth and development of plant in a three years 
experiment. Vitamin C (ascorbic acid), vitamin B, (thiamin) 
and pp (nicotinic acid) and potassium permaganate, boric 
acid and thiourea were applied to the plants by vacuum-in 
filteration or spraying. It was observed that thiamin 
accelerated flowering in perilla and maize and nicotinic 
acid in soybean, perilla, maize and wheat and stimulated 
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the growth of wheat. It was also observed that the effect 
of other compounds were similar to that of vitamins. 
lijima (1956a) studied the effect of leaf applied 
thiamin on respiration of potato, sweet potato and kidney-
bean. It was found that respiration of leaves and roots was 
increased by moderate concentration of the vitamin 1 ppm to 
100 ppm. It is suggested that thiamin promoted foliar 
decomposition of carbohydrates. In a subsequent 
publication, lijima (1956b) reported the result of the 
foliar application of thiamin in relation to the chemical 
composition of the above mentioned crops. It was noted that 
spray of thiamin slightly increased the sugar, starch and 
thiamin contents of bean seeds. The spray of thiamin 
increased the carbohydrate contents and C/N ratio of stems, 
leaves and roots. It was suggested that the treatment of 
thiamin promoted root development and flower bud 
differentiation and shortened the growing period. 
lijima (1957a) observed that foliar spray of 
thiamin promoted the photosynthesis in kidney beans and 
cabbage. Further, lijima (1957b) reported that mixture of 
foliar spray of thiamin with acidic chemicals or with urea 
enhanced the stability of thiamin and gave the better 
response of plants with regard to yield. But in combination 
with alkaline chemicals the stability of thiamin decreased, 
consequently lowering the yield. 
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Boukin (1958) found that spraying of 0.001% 
nicotinic acid and thiamin enhanced the growth of beans, 
tobacco, tomato and mulberry. It was also observed that the 
same treatment (0.001% nicotinic acid and thiamin) 
increased the leaf growth and raised root yield by more 
than 50% in young carrots. 
Kudrev and Pandav (1967) found an increase in 
nitrogen content from seedling stage to ear emergence at 
first and rapidly from the five-leaf stage in wheat. A 
slight increase in nitrogen content was also observed 
during flowering and grain development. Spray of thiamin or 
pyridoxine on leaves resulted a slight increase in uptake 
of nitrogen temporarily. It was also noted that general 
trend of nitrogen uptake was maintained at all stages. 
Papova et al. (1971) studied the effect of vitamins 
during reproductive stage of the F, ^ . ^ ^ • 
^ ^ 1 generation of Capsicum 
annum cv. Kalinkov-85. Pistiles were sprayed immediately 
after pollination with solution of NAA and vitamin B , B , 
B^ and nicotinic acid in various combinations. It was 
observed that vitamins of B-group increased fruit set and 
the number of seed/fruit and shortened the growing period 
and also increased plant height in F, generation. All 
treatments (except vitamin B ) improved earliness of the F 
generation. 
Areson'va (1977) studied the effect of gibberellin 
at 20 and 100 mg/1, hetero auxin at 100 mg/1, 
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chloromaganate at 500 mg/l and 1 g/1, vitamin B-j^ +C+pp at 
100 mg/l and vitamin B-. The spray application of these 
chemicals was done at the stages of reproductive organ 
differentiation and flower bud development of lilia 
(Syringea vulgaris), hydrogea (Hydrangea pannicuta) , and 
Spiraea callosa. The effectiveness of the treatment was 
determined by the start and end of flowering, flowersize 
and colour and shoot growth. It was observed that 
gibberellin at 20 or 100 mg/l was best for four years old 
Hydrangea pannicuta. Chloromaganate at 500 mg/l or 
gibberellin at 20 mg/l proved best for 48 years old plants. 
It was also observed that chloromaganate and mixture of 
vitamins were found beneficial for Spiraea callosa and 
chloromaganate or vit. B- for liliace. 
Reda et al. (1977) studied the effect of thiamin 
and ascorbic acid on growth and chromosomes yield of Ammi 
visnaga L. It was noted that thiamin at 50 mg/l by seed 
soaking (48 hrs) or as foliar spray promoted root, stem, 
leaf, umbel and fruit growth and also increased the levels 
of total chromonomes and their main components, khellin and 
visnagin in the fruit. Ascorbic acid at 50 and 100 mg/l 
enhanced the growth and fruit chromonomes when applied to 
the seeds. 
Ansari (1988) in a simple randomised block design, 
studied the effect of foliar spray of pyridoxine at 
concentration ranging from 0 (water control), to 0.2% in 
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field grown Vigna radiata L. Wilczek var. K-851 either at 
flower initiation (35 days) or at pod initiation (45 days). 
It was observed that 0.1% pyridoxine solution applied at 
flower initiation stage proved best for most of the growth 
characteristics viz. plant height, root length, leaf 
number, fresh and dry weight at 45 and 55 days and NAR for 
periods 34-45 day and 45-55 day. This treatment was also 
proved best for root nodules in the plants sampled only at 
45 days because at 55 days root nodules were degenerated. 
2.4 PHYSIOLOGICAL ROLE OF NPK 
Mineral nutrient have specific and essential 
function in plant metabolism. Most of the mineral nutrients 
are the constituents of the various metabolites e.g. 
nitrogen, phosphorus and sulphur are the integral part of 
proteins, derivatives of carbohydrate and fats and also 
nucleotides. Other macro nutrients, e.g. magnesium, and 
also micronutrients e.g. maganese, zinc, copper also may 
function as constituent of organic structure, predomi-
nantly of enzyme molecule, where they are directly or 
indirectly involved in the catalytic functions of the 
enzyme. On the other hand potassium and chlorine are the 
only mineral nutrients that are not constituents of organic 
structure. However, they play important role in metabolism 
e.g. as an activator of enzyme or in process of 
osmoregulation. 
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Among macronutrients, nitrogen, phosphorus and 
potassium are considered of prime importance because they 
are removed by plants in large quantities and their 
judicious application for the normal performance of plants 
become imperative. 
2.4.1 Nitrogen : 
Nitrogen content in plant is 1-3 per cent of dry 
weight approximately (Salisbury and Ross, 1992). It is 
taken up by the roots of higher plants mostly in the form 
of nitrate and ammonium. After absorption in the plant, 
nitrogen is reduced and incorporated into various organic 
compounds (Marschner, 1986). It is one of the most 
important plant nutrient as it is an integral part of amino 
acids, proteins, co-enzymes, porphyrines, purines, 
pyrimidines, chlorophyll, some vitamins and growth 
regulators (Devlin and Witham, 1986). The deficiency of 
nitrogen resulted in stunt growth and yellowing of leaves 
because of loss of chlorophyll. This yellowing of leaves is 
commonly called chlorosis. This is first observed in older 
leaves and lastly in young leaves as nitrogen readily 
translocates from older leaves to younger leaves (Noggle 
and Fritz, 1986) . 
Application of nitrogen to the soil increases the 
cation exchange capacity of plant roots and thus makes them 
more efficient in absorbing other nutrient ions. 
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2.4.2 Phosphorus 
Its approximate content in plant on dry weight 
basis is in the range of 0.3 to 0.5% (Marschner, 1986). 
Phosphorus is absorbed by plants both as monovalent (HPO4) 
and divalent (H2P0~~) anions from soil. The quantity of 
either ion present in the soil is dependent upon the pH of 
the soil solution, lower pH favouring the absorption of 
H P0~~ ion and higher pH favouring the HPO^ (Devlin and 
Witham, 1986). 
Phosphorus is a basic constituent of metabolically 
active compounds like nucleic acid DNA and RNA. In both RNA 
and DNA, phosphate forms a bridge between ribonucleoside 
units to form the macromolecules. Phosphorus is responsible 
for the strongly acidic nature of nucleic acid. The 
concentration of phosphorus in nucleic acid differs among 
tissues and cells; it is high in meristems and low in 
storage tissues (Marschner, 1986). Phosphorus is also 
constituent of phospholipids, phytin, adenosin and other 
triphosphate, pyridoxal phosphate and thiamin pyrophosphate, 
phosphorylated sugar and their intermediary metabolic 
products found in the glycolytic and alternative oxidative 
pathways, nucleoproteins, purine and primidine nucleotides 
and flavin nucleotides (^asan and McElory, 1963). 
Phosphorus participates directly in the photochemical 
events of photosynthesis through orthophosphate and 
nicotinamide adenine dinucleotide phosphate, required for 
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the production of assimilatory power (Delvin and 
Witham, 1986). 
Phosphorus deficiency exhibit retarded growth, and 
often a raddish coloration occurs becuse of enhanced 
anthocyanin formation. Phosphorus deficiency leads to 
reduction of cell division and expansion, respiration and 
photosynthesis (Marschner, 1986). 
2.4.3 Potassium : 
Most of the higher plants require potassium in 
large quantity (2-5 per cent on dry weight basis) for 
proper growth and development (Marschner, 1986). In 
contrast to nitrogen and phosphorus, potassium has not been 
reported as to be integral part of any metabolic molecule 
inside the plant cells. Potassium is the most abundant 
cation in the cytoplasm, and potassium salts make a major 
contribution to the osmotic potential of the cells. The 
high concentration of the K in the cytoplasm and the 
chloroplast are required to neutralized the soluble and 
insoluble macromolecular anions and to stabilize the pH 
between 7 and 8 in these compartments, the optimum for most 
enzyme reactions. Potassium activate the enzyme activity by 
inducing conformational changes in the enzyme protein. 
Various enzymes in plant metabolism are activated by K e.g. 
fructokinase, pyruvatekinase and ATPases. Potassium also 
plays a very important role in protein synthesis by binding 
of tRNA to ribosomes (Marschner, 1986). Potassum has the 
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major responsibility for turgar changes in the guard cells 
during stomatal movement and thus help in opening and 
closing of stomata. 
Potassium deficiency results in chlorosis of older 
leaves first. Its deficiency causes scorching of margin and 
tip, necrosis, rosette or bushy habit of growth and 
weakening of stems (Noggle and Fritz, 1986). 
The most recent literature regarding the effect of 
NPK in the form of different fertilizers of NPK on the 
growth, yield and quality of different oil crops is being 
reviewed below. 
Vidyapati £t^  a]^. (1981) conducted two field 
experiments to study the effect of application of different 
rates of N, P and K on the growth, seed yield and the 
quality of oil in 'Varuna' variety of Indian mustard 
(Brassica juncea Lin. Czern and Coss). It was noted that 
240 kg N/ha gave the highest yield (1983 kg/ha). The 
application of nitrogen more than 240 kg N/ha proved 
detrimental for the productivity of the crop. Under 300 kg 
N/ha regime siliqua were born even at the 8th node (from 
top) of stem while under 0 and 60 kg N/ha, they were born 
upto the 4th and 6th nodes respectively. It was also 
observed that seed yield was co-related with leaf area 
duration, pod volume and the % of N in plants at flowering 
stage. It was also noted that P increased the oil 
percentage. The economic of optimum dose of nitrogen was 
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164 kg N/ha. With regard to P and K application, it was 
observed that their effect was not significant. However, 
the application of P increased the percentage of oil. 
Parvaiz et al. (1982a) conducted a field experiment 
to study the effect of foliar application of nitrogen, 
phosphorus and sulphur on Brassica juncea (L. ) Czern and 
Coss variety Laha-101 according to factorial randomised 
block design. The spray treatment consisted of 20 kg N (as 
2.0% urea), 2 kg P^Oc (as 0.2% sodium dihydrogen ortho-
phosphate) and 2 kg S (1.0% sodium sulphate)/ha given in 
all possible combinations i.e. NP, NS, PS and NPS. The 
spray were applied twice in three selected sets of stages 
of growth i.e. 50 and 70 days (vegetative and flowering), 
50 and 90 days (vegetative and fruiting) and 70 and 90 days 
(flowering and fruiting) from the date of sowing. Urea, 
calcium superphosphate and muriate of potash at the rate of 
60 kg N, 20 kg P2*^ 5 ^^^ ^^ ^5 K20/ha respectively was 
applied uniformly at the time of sowing. It was observed 
that spray treatment at 70 and 90 days after sowing was 
more effective as compared to other sets; on the basis of 
hecto-litre weight, oil percentage, seed yield and oil 
yield. However, the number of pods/plant and seeds/pod was 
highest in the 50 and 70 days spray treatment. Regarding 
the interaction effect, it was noted that interaction PS x 
(70 and 90 days) prove best for hecto-litre weight, oil per 
cent and oil yield. But, for seed yield NPS (50 and 70 
days) proved best followed by NPS x (70 and 90 days). 
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Parvaiz £t £]^. (1982b) conducted a field trial 
according to factorial randomised block design to study the 
effect of application of different levels of nitrogen and 
phosphorus on two varieties of mustard (Peelisarson and 
Laha-101). Urea, calcium superphosphate were applied to the 
soil at the rate of 40 and 60 kg N/ha and 2 0 and 4 0 kg 
P^Oc/ha respectively at the time of sowing. Together with, 
muriate of potash at the rate of 40 kg K_0/ha was also 
applied uniformly at the time of sowing. It was observed 
that treatment N.-P.. proved superior for seed and oil 
yield. However, the number of pods/plant and seeds/pod were 
higher in N^_P^- and N,-P.„. It was also noted that N..P.. 
^ 60 20 60 40 40 40 
gave the higher oil content compared with N.|,P„|-. as well as 
in Npi^P.- compared with N,„P__. Regarding the interaction 
effect, it was observed that interaction N__P>ir, ^ Laha-101 
b U 40 
gave the highest value for seed and oil yield. In case of 
other parameters, N.^^P.. x Peeli sarson gave the maximum 
value. 
Samiullah £t al (1983) studied the comparative 
yield and quality response of six mustard (Brassica juncea 
L. Czern and Coss) varieties (Appressed mutant, R-75-2, 
RL-18, T-11, T-16 and Varuna) to two levels of basal 
nitrogen and phosphorus (40 kg N + 20 kg P^O and 60 kg N + 
40 kg P^O^/ha) with uniform K (40 kg K 0/ha), supplemented 
with a uniform spray dose of 20 kg N + 8 kg P^O + 2 kg 
S/ha in a split-plot field experiment. Of the two basal 
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doses, Nf-rvP^ Q produced more pods/plant and seeds/pod, 
resulting in higher seed and oil yield inspite of lower oil 
percentage. This dose also proved good for iodine value 
but not for saponification value of oil whereas hecto-litre 
weight and acid value at par at both levels. Among 
varieties, Varuna responded best and gave maximum yield. 
Samiullah ejt al^ . (1984) studied the effect of 
different combinations of phosphorus and potassium applied 
as monocalcium superphosphate and muriate of potash 
respectively (each at the rate of 40, 60 and 80 kg P^Oj. and 
K_0/ha) on yield and yield attributes of mustard (Brassica 
juncea (L.) Czern and Coss var. Varuna). In addition to 
these, uniform dose of urea nitrogen (at the rate of 90 kg 
N/ha) was applied. The effect of phosphorus alone as well 
as in combination with potassium was found significant for 
all the characters studied namely number of pods/plant, 
number of seeds/pod, hecto-litre weight, seed yield, oil 
percentage and oil yield. 60 kg P-Oj./ha and 60 kg P-jO^ . + 40 
kg K^O/h proved optimum and produced about 12 and 30% more 
seed and oil yield than the respective control. The 
increase in seed and oil yield was presumably due to 
maximum pods/plant, seeds/pod, hecto-litre weight and oil 
content. 
Parvaiz and Afridi (1985) studied the effect of 
foliar application of N, P and S in a factorial randomised 
block design experiment in field of mustard (Brassica 
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juncea) namely BR-40, Laha-101, T-11 and Varuna. Five 
combinations of foliar spray of nitrogen, phosphorus and 
sulphr viz. water sprayed control (NQP_SQ), 20 kg N + 2 kg 
P/ha (NP),20 kg N + 2 kg S/ha (NS), 2 kg P + 2 kg S/ha (PS) 
and 2 0 kg N + 2 kg P + 2 kg S/ha (NPS) were applied in two 
operations at 70 and 90 days after sowing. At basal dose of 
40 kg N, 20 kg PoO_ and 40 kg K^O/ha was kept constant in 
all treatments. The treatment NS gave highest seed and oil 
yield. However PS gave maximum hecto-litre weight and oil 
percentage. The variety Varuna gave maximum values for all 
the characters studied followed by Laha-101, BR-40 and 
T-11. The interaction NS x Varuna gave highest values for 
seed and oil yield (31% and 49% over control respectively). 
Antil et al. (1986) conducted field experiment and 
observed the effect of different nitrogen levels (0, 30, 
60, 90 and 120 kg N/ha) on dry matter, grain yield and 
uptake of nitrogen in three varieties of raya (Prakash, 
RH-30 and RH-7513). Response to nitrogen in all three 
varieties was observed upto 80 kg N/ha. The agromic 
efficiency of Prakash, RH-3" and RH-7513 was 7.6, 8.5 and 
8.9 kg grain/kg of nitrogen respectively. However, the 
order of physiological efficiency was RH-30 > RH-7513 > 
Prakash. Increasing nitrogen level increased its concen-
tration and uptake of the total nitrogen absorbed at 45 
days and 90 days by Prakash, RH-30 and RH-7513 
respectively. 
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Mohammed et al. (1986) studied the effect of 16 
combinations of spray of phosphorus and sulphur (2, 4, 6 
and 8 kg each of P^Oc and S/ha) and water sprayed control 
on yield characteristics of Brassica juncea with two basal 
levels of nitrogen and phosphorus (40 kg N + 20 kg P2O5 and 
60 kg N + 40 kg P^O./ha) to which 40 kg K20/ha was added 
uniformly. This field trial was performed according to 
split plot design. It was found that pods number/plant, 
seeds number/pod, seed yield, oil percentage and oil yield 
was significantly affected and spray of "^^^2' ^^^^^ ^60^40 
and PgS- X Ng^P.- proved the best. 
Mohammed et al^ . (1987) found out the effect of 
various doses of nitrogen and that of method of nitrogen, 
phosphorus and sulphur application on pods/plant, 
seeds/pod, hectolitre weight, seed yield, oil percentage 
and oil yield of mustard (Brassica juncea) var. Varuna in a 
simple randomised field experiment. Basal application of 20 
kg N (or even 45 kg N/ha) supplemented with foliar 
application of 20 kg N + 8 kg P 0 + 2 kg S/ha (in two 
equal split at flowering and fruiting stage) ensured better 
harvest than even 60 kg basal N/ha + 30 kg top N/ha. 
However, the latter proved superior to 90 kg basal N/ha 
alone. Application of more than 90 kg N/ha either as basal 
+ top dressing or basal + foliar spray proved deleterious 
while 45 kg basal N/ha proved insufficient inspite of 
supplemental nitrogen application as top dressing or as 
foliar spray. 
49 
Prasad and Eshanullah (1988) studied the effect of 
irrigation and nitrogen on yield and yield attributes of 
mustard in sandy loam calcarious soils. Field were 
irrigated at physiological growth stages of 30 and 60 days 
after sowing, 12 cm of water produced higher seed yield and 
two irrigations gave the better response of yield as 
compared to one irrigation or fainfed. 60 kg N/ha produced 
higher seed yield. It was observed that N levels and 
irrigations had no beneficial effect on oil content. It was 
also noted that primary branches, number of seeds/pod and 
test weight were similar with either one or two irrigation. 
However, secondary branches were more under two irrigations 
during second year. 
Rafey et a]^. (1988) studied the effect of nitrogen 
and phosphorus on linseed var. T-397 in randomised block 
design experiment. Fifteen treatment combinations 
consisting of five levels (0, 20, 40, 60 and 80 kg N/ha) of 
nitrogen and three levels of (0, 20, and 40 kg/ha) PoOj. 
were used. It was observed that application of 40 kg N/ha 
increased number of primary branches, number of capsule/ 
plant and grain yield significantly as compared to other 
levels of nitrogen. It was also noted that oil content 
(40.3%) was maximum with no nitrogen application. However, 
the phosphorus levels did not influence most of the growth 
attributes, yield and oil content except number of 
capsules/plant and number of seeds/capsule. 
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Sharroa and Gaur (1988) a randomised block design 
field experiment, studied the effect of different levels 
and methods of nitrogen application on seed yield and 
quality of sunflower (Helianthus annus) var. EC-68414. 
Treatment consisted of three levels of N (30, 60 and 90 
kg/ha) and three methods of its application (broadcast^ 
before final ploughing, drilling at the depth of 5 cm below 
the seed and broad cast before sowing). These nine 
treatment combinations were compared with an absolute 
control. Nitrogen as per treatment and 40 kg P_0_/ha was 
applied at sowing. It was noted that increasing levels of N 
upto 90 kg/ha significantly increased the seed yield of 
sunflower. Increase in seed yield due to drilling of N over 
broadcast before final ploughing and broadcast before sowing was 
9 and 11% respectively. However, broadcast before final 
ploughing and broadcast before sowing were at par. It was 
also observed that increasing levels of nitrogen 
significantly decreased the oil concentration. It was found 
that methods of application of nitrogen did not produced 
any significant effect on oil concentration. 
Dhillon and Dhillon (1989) studied the effect of 
different levels and methods of application of nitrogen on 
the yield of raya (Brassica juncea L.) in a field 
experiment having loamy sand testing low with respect to 
both organic carbon and available nitrogen. It was found 
that raya grain yield response to applied N was quadratic 
in nature and application of N upto 150 kg/ha could 
51 
significantly increase both grain and straw yield. It was 
also noted that application of N in two or three splits was 
as effective as it application in a single dose at the 
sowing time. It was also observed that increasing levels of 
N significantly enhanced the uptake of N, P, K and S. It 
was suggested that methods of application did not have any 
significant effect on nutrients removal by raya. 
Kullman £t a]^. (1989) in a green house experiment 
studied the effect of N nutrition (30, 100 or 170 ppm N) on 
concentration and distribution of P, K, Ca and Mn in oil 
seed rape (Brassica napus L.). It was noted that K 
concentration in leaf increased with increasing N supply 
upto 100 ppm. However, leaf Ca decreased with increasing N 
nutrition while P concentration was unaffected. It was also 
noted that concentration of P, Ca and Mg in the roots at 34 
days before bloom (DBB) decreased with increasing level of 
N but K concentration was unaffected. Moreover, concen-
tration of P in the roots, stems and branches increased 
with N supply at 10 and 44 days after bloom (DAB), whereas 
there no response with regard to K, Ca and Mg concen-
tration was found. It was noted that concentration of P 
in pods, hull and in seeds increased with nitrogen supply 
upto 100 ppm but concentration of Ca, K and Mg were 
unaffected, by its supply. Most of Ca and K concentration 
was found in the leaves and the least in the seeds. Most of 
P accumulated in the seeds and roots, whereas the hull 
contained the least. It was found that among the four 
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nutrients analyzed, P concentration were lowest in the 
various plants parts and K concentration, the highest.Ca/Mg 
ratio for the hull and branches were increased by 100 ppm N 
and the ratio for the leaves, pods and seeds, were 
unaffected by N-nutrition. 
Mohammad (1989) studied the effect of soil and leaf 
applied phosphorus on the yield and quality of linseed 
(Linum usitatissinum L.) var. LHS-1 in a factorial 
randomised field experiment. Three levels of phosphorus 
viz. 10, 15, 20 kg P/ha were used as basal doses and 0, 1, 
2, 4 kg P/ha were applied on leaf in two equal splits at 70 
and 90 days. In addition to these, 100 kg basal N/ha was 
applied uniformly at the sowing time. The treatments 
affected all parameters significantly. 15 kg basal P/ha and 
1 kg spray P/ha proved to be optimum for most of the 
parameters separately as well as in combination. 
Application of 15 kg basal P/ha separately increased 
capsule/plant by 43.3%, seed/capsule by 3.7%, hecto-litre 
weight by 0.7%, seed yield by 8.2%, oil content by 1.1% and 
oil yield by 9.4% and decreased iodine value by 1.4%. 
Application of 15 kg basal P/ha with spray of 1 kg P/ha 
gave 11.6% more seed yield and 14.6% more oil yield 
compared to the control (grown with 15 kg basal P/ha and 
sprayed with deionised water only). 
Pawar et a_l. (1990) studied the effect of different 
levels of nitrogen on content and uptake of NPK by linseed 
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(Linum usitatissinum L.) varieties on clayey soil under 
irrigated conditions. It was observed that increasing 
levels of nitrogen upto 60 kg N/ha enhanced the content as 
well as intcke of NPK. The variety 8 PS-23-10 proved better 
followed by variety C-429. 
Zehnalck and Minar (1991) studied the effect of 
increasing doses of nitrogen and potassium on the growth, 
chlorophyll content and mineral nutrient accumulation in 
young plants of sunflower (Helianthus annus L.). It was 
noted that biomass production was favourably affected by 
the application of N alone, either by its lower or medium 
doses. However, effect of ptoassium on biomass production 
either by its lower or medium doses was not pronounced. It 
was also observed that synergistic action of nitrogen and 
potassium applied at the same time was noticed in the first 
and the second harvests, above all in low and medium doses 
of the two nutrients. Nitrogen application alone or in 
combination with potassium enhanced chlorophyll contents 
compared with those without nutrient addition. It was also 
noted that high doses of potassium alone enhanced 
chlorophyll content and content of potassium in plants. 
While, on the other hand, increased doses of nitrogen 
decreased the content of potassium. Furthermore, it was 
noted that application of these two nutrients 
simultaneously increased the content of potassium again. 
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Loutaser and Human (1993a) in a factorial trial 
field experiment for three years, studied the effect of 
nitrogen and phosphorus fertilization on the nitrogen 
absorption by sunflower. Nitrogen and phosphorus were 
applied 0, 60, 120 and 180 kg N/ha and 0, 15, 30 and 45 kg 
P/ha respectively. The N content and concentration in 
leaves, stems and capitula were determined at three growth 
stages. It was noted that high N levels increased the P 
content and concentration of all plant components in early 
growth stages only. However, high P levels increased the P 
content and concentration of all plant components sharply 
almost throughout. It was suggested that at physiological 
maturity, no significant differences in P content among N 
level were observed because plants seems to recover some 
lost growth towards the end of the lession. It was also 
observed that in terms of seed yield a significant N x P 
interaction was found, indicating a sharp response to both 
N and P only in the presence of a sufficient quantity of 
the other elements. 
In another paper Loubser and Human (19 93b) reported 
that high N levels increased N content and concentration in 
all plant parts at all growth stages sharply. However, 
the high P levels increased the N content and concentration 
in all plant components through better growth. It was noted 
that P had an inconsistent effect on concentration but 
tended to decrease it. After flowering the assimilated 20 
to 25% of the total N. This implies that N applied could 
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still be applied and utilized by the crop at a latter 
stage. 
Vashistha (1993) conducted a field experiment to 
study the effect of different levels of nitrogen (0, 40, 80 
and 120 kg N/ha) and phosphorus (0, 20 and 40 kg P 0^/ha) 
on yield attributes, yields, quality of linseed (Linum 
usitatissimum L. ) and uptake of N and P. It was observed 
that grain yield as well as the yield attribute increased 
significantly with increasing level of N and P except the 
effect of P on 1,000 grain weight, 80 kg N/ha and 40 kg 
P_Oc/ha proved optimum. It was also observed that uptake of 
N was enhanced upto 80 kg N and 40 kg P„0_/ha. It was 
noted that crude protein content increased significantly 
with the increasing level of N and P. Application of N 
significantly affected the iodine value. 
Mohammad (1994) conducted a factorial randomised 
field experiment to study the effect of soil and leaf 
applied nitrogen on yield and quality of linseed (Linum 
usitatissimum L. ) var. LHS-1. Four levels (25, 50, 75 and 
100 kg/ha) of basal nitrogen (B) i.e. B25, B^Q, B__ and 
B^QQ and three levels (0, 10 and 20 kg/ha of foliar 
nitrogen (F) i.e. F^, F^ ^^  and F^'^ were used. Nitrogen was 
used in the form of urea. Uniform basal dose of super-
phosphate at rate of 20 kg P/ha was applied at the time of 
sowing to the soil. The foliar treatments were given in two 
splits half at 70 days and the remaining half at 90 days. 
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It was observed that all yield ans quality parameters 
(except seed number/capsule) significantly affected by 
basal and foliar treatments as well as by their inter-
actions. It was noted that treatment B_„ proved optimum and 
produced 68.3, 14.8, 2.8 and 18% more capsule/plant, seed 
yield, oil percentage and oil yield respectively in 
comparison with the lowest nitrogen dose B-_. It was also 
noted that dose higher than B^r, proved ineffective or even 
deleterious in some cases. Furthermore it was observed that 
treatment F, „ proved optimum and increased capsule/plant by 
50.5%, seed yield by 11.3%, oil content by 5.7% and oil 
yield by 17.6% in comparison with the F». The interaction 
B-p X F, _ increased capsule/plant by 159.8% seed yield by 
38.2%, oil content by 7.6% and oil yield by 48.7% compared 
with B^c X F^ that gave the lowest values and proved at par 
with it for iodine value. 
2.5 Concluding remarks : 
The review of literature reveals that mineral 
nutrients and vitamins play an important role in the 
performance of crops. However, the information regarding 
the interaction effect of mineral nutrient and vitamin on 
the performance of crops is meagre. The literature also 
imparts that comparatively less work has been done on 
mustard. Therefore an in depth study on the physiological 
response of mustard to NPK and B-vitamins alone and in 
combination is highly desirable. 
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MATERIAL AND METHODS 
3.1 Proposed Study : 
To achieve the objectives mentioned in first 
chapter, four field experimet will be conducted on mustard 
(Brassica juncea L. Czern & Coss) variety Varuna and Rohini 
during winter (Rabi) season at the 'University Agricultural 
Farm' of Aligarh Muslim University, Aligarh (U.P.). 
3.2 Field preparation : 
The field will be throughly ploughed to turn the 
soil for maximum aeration. It will also help in eliminating 
the weeds. After the rainy season, one ploughing will be 
done again to eliminate the weeds. Finally 10 sqm plots 
will be prepared according to the design of the experiment, 
and will be irrigated lightly before sowing to maintain 
proper moisture content in the sub-surface of the soil. The 
required fertilizer will be broadcast in each plot 
homogenously just before sowing. The sowing will be done in 
furrows of 13-15 cm depth prepared by hand drawn plough at 
seed rate of 10 kg/ha. 
3.3 Soil characteristics : 
Before each sowing, soil samples will be collected 
from each plot from a depth of about 10-15 cm. collected 
sample will be mixed and a composite sample will be 
analyzed for various physico-chemical properties of the 
soil of the experimental field as given in table I. 
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Table 1. Physico-chemical characteristic of soil of the 
field used for experiment 1-4, 
Characteristics Ex. 1 Ex. 2 Ex. 3 Ex. 4 
Texture 
pH (1:2) 
EC (m.mhos/cm) 
Available N 
(kg N/ha) 
Available P (kg P/ha) 
Available K (kg K/ha) 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
3.4 Seeds : 
The authentic seeds will be obtained from I.A.R.I., 
New Delhi. Seeds of uniform size will be selected and their 
viability will be tested before sowing. Surface steriliza-
tion of the seeds will be done by using alcohol or 0.1% 
mercuric chloride. 
3.5 Experiment 1 ; 
The experiment will be conducted on the two 
varieties of mustard namely Varuna and Rohini during "rabi" 
(winter) season. The aim of this experiment will be to 
study the effect of different concentrations of thiamin on 
the morpho-physiological performances of the crops and to 
select out better variety under local conditions of 
Aliglarh. This experiment will be conducted according to 
factorial randomised block design. In this experiment, the 
seeds of the mustard (Brassica juncea L. Czern & Coss) var. 
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Varuna and Rohini will be soaked in water (control), 0.01%, 
0.02% and 0.03% concentration of thiamin for four hours 
before sowing. 
A uniform basal dose of 90 kg N, 30 kg P and 30 kg 
K/ha as urea, monocalcium superphosphate and muriate of 
potash respectively will be applied to the soil at the time 
of sowing. The size of each plot will be 10 sqm. The seeds 
will be sown in the first week of October by the usual 
"behind the plough" method at the rate of 10 kg/ ha. The 
distance of 22.5 cm between rows and 15 cm between the 
plants in the row will be maintained. At plant establishment, 
uniform plant population will be maintained. Each treatment 
will be replicated thrice. Irrigation will be done twice 
during the entire growing period of the crops. Spray of an 
insecticide (Dimercron-400) will be done to check aphid 
infection, if takes place. After 50, 70 and 90 DAS, three 
plants samples from each plot will be uprooted with the 
help of hand boe and various growth characteristics 
(P. 76 ) and NPK accumulation (P 77 ) will be recorded. At 
harvest yield and yield attributes (P 77 ) and quality 
parameters (P- 77 ) will be studied. The scheme of the 
experiment will be as follows : Table II. 
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Table II. Scheme of the treatments (Exp. 1) 
Varieties 
S.No. Treatment (% Thiamin) 
Varuna Rohini 
1. 00 (water soaked) 
2. 0.01% (Thiamin) 
3. 0.02% (Thiamin) 
4. 0.03% (Thiamin) 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg 
K/ha will be applied at the time of sowing. 
3.6 Experiment 2 : 
This experiment will be conducted in the next year 
in the same season. This will include the variety of 
mustard which has proved better in experiment 1. The aim of 
this trial will be to find out the most suitable 
concentration of thiamin for higher growth, nutrient 
accumulation, yield and yield characteristics of the crop. 
This experiment will be performed according to simple 
randomised block design. The parameters will be same as in 
expt. 1 The scheme of this treatment will be as follows: 
table III. 
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Table III. The scheme of the treatments (Exp. 2) 
S.No, Treatments Remarks 
1. Ti Seeds soaked in water 
2. T2 Seeds soaked in 0.01% thiamie solution 
3. T3 Seeds soaked in 0.02% thiamin solution 
4. T4 Seeds soaked in 0.03% thiamin solution 
5. T5 Seeds soaked in 0.06% thiamin solution 
6. Tg Seeds soaked in 0.09% thiamin solution 
7. T7 Seeds soaked in 0.12% thiamin solution 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg 
K/ha will be applied at the time of sowing. 
3.7 Experiment 3 : 
A split-plot field trial will be conducted in the 
consecutive year on the same variety. It will consist of 
two main plots and a sub-plot. Two pre-sowing treatments, 
namely 00 (water soaked) and optimum concentration of 
thiamin (%) (Exp. No. 2) will be assigned the main plots. 
Three levels of nitrogen (0, 60 andgo) and three levels of 
phosphorus (0, 30 and 60) will be given in sub-plots in the 
presence of a uniform dose of potassium (30 kg K/ha). The 
aim of this trial will be to find out the best combination 
of fertilizers dose with soaking treatments. The sampling 
method and parameters will be same as in experiment 1 and 
2. The scheme of the treatment will be follows : in 
table IV. 
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Table IV. Schemes of the treatments (Exp. No. 3) 
S.No. Sub-plots 
(basal fertili-
zer dose) 
Main plots soaking treatments 
water soaked thiamin soaked 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
N P 0 0 
N P 60^0 
N P 90^0 
N P 0^30 
^ 6 0 ^ 3 0 
^ 9 0 ^ 3 0 
N P 
" 0 ^ 6 0 
N P 
" 6 0 ^ 6 0 
N P 90 60 
N.B. : A uniform basal dose of 30 kg K/ha will be applied 
in each plot. 
3.8 Experiment 4 : 
This experiment will be the repeatation of the 
experiment 3 to confirm the finding of the experiment 
No. 3. 
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3.9 Sample technique 
Three plants from each plot will be uprooted with 
a hand hoe containing the entire root system at various 
growth stages for the study of various growth charac-
teristics and accumulation of N, P and K in plant. Three 
plants will be collected at random for harvest. The number 
of pods will be counted. The pods will be, sundried, 
thrashed and will be weighed. The yield/ha will be 
calculated using the spacing of the plants. Winnowing will 
be done with a hand-winnower and seeds will be stored for 
assessing the other yield and quality characteristics. 
3.10 Physiological Characteristics 
3.10.1 Gro%fth characteristics 
The following growth characteristics will be 
studied at 50, 70 and 90 days after sowing (DAS). 
1. Shoot length/plant 
2. Root length/plant 
3. Shoot dry weight/plant 
4. Root dry weight/plant 
5. Leaves dry weight/plant ,| 
6. Leaf area/plant 
7. Leaf area index (LAI) 
8. Crop growth rate (CGR) 
9. Relative growth rate (RGR) 
10. Net assimilation rate (NAR) 
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3.10.2 NPK accumulation 
1. Accumulation of N/plant 
2. Accumulation of P/plant 
3. Accumulation of K/plant 
3.10.3 Yield characteristics 
The following yield attributes will be studied at 
harvest. 
1. Pod number/plant 
2. Seed number/plant 
3. 1000 seed weight 
4. Seed yield (kg/ha) 
5. Oil yield (kg/ha) 
3.10.4 Quality characteristics 
The oil will be analysed for the following quality 
characteristic. 
1. Oil content (%) « 
2. Acid value 
3. Iodine value 
4. Saponification value \ 
5. Fatty acid composition I 
3.11 Details of some Physiological Characteristic, 
3.11.1 Growth Analysis 
3.11.1.1 Leaf Area Index 
Leaf area will be calculated by Gravimetric method. 
The leaf area of few leaves from each treatment will be 
estimated by tracing on a graphsheet and the dry weight for 
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these leaves will be recorded. The leaf area/plant will be 
computed using the leaf dry weight/plant and the dry weight 
of those leaves for which the area was taken. The leaf area 
index will be calculated by using the formula suggested by 
Watson (1958) 
LAI = Leaf area 
Ground area 
3.11.1.2jCrop growth rate (CGR) : 
The crop growth rate will be calculated by using the 
formula suggested by Watson (1952) 
rrfi = dw - 1 - 5 •) 1 
"dt - ^ g/mVday or gm "^ day ^ 
Here dw = difference in dry weight at given time 
dt = time interval 
P = land area. 
3.11.1.3 Relative growth rate (RGR) mg g~day~ 
Relative growth rate will be calculated according to 
the formula given by Radford (1967) 
RGR = 1" "2 - 1" "l ^ 1000 
i.e. 
2.303 (log,„W _ log, ^ W ) 
^10 2 ^10 1 RGR 
^2 - \ 
Here W^ = dry weight of plant at I growth stage 
t^ = days to sampling at I growth stage 
W2 = dry weight of plant at II growth stage 
t2 = days of sampling at II growth stage. 
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3.11.1.4 Net assimilation rate (NAR) 
Net assimilation rate will be calculated according to 
Milthorpe and Moorby (1979) 
NAR = —= =• X * ; 
I.e. 
Wo - W, 2.303 (log L - log L,) 
NAR = ^  ^ x 10 2 10 1 X 1000 
^2 " ^1 
t2 - ti 
Here, 
W- = dry weight of plant at I growth stage. 
L, = leaf area of plant at I growth stage, 
t^  = days to sampling at I growth stage. 
W_ = dry weight of plant at II growth stage. 
L- = leaf area of plant at II growth stage. 
tj = days to sampling at II growth stage. 
In = logarithm to base e 
log-iQ = logarithm to base 10. 
3.11.2 NPK accumulation in different plant parts 
Based on the nitrogen, phosphorus and potassium 
content (%) of different plant parts viz. stem, leaf and 
root at different sampling stages and their respective dry 
matter at these stages, the NPK accumulation in different 
parts will be calculated and the total amount will be 
computed from these values. The details of estimation of 
NPK are described in the following pages : 
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3.11.3 ESTIMATION OF NPK 
3.11.3.1 Digestion of plant samples : 
100 mg of the oven dried powder of each sample 
will be transferred to a 50 ml Kjeldahl flask to which 2 ml 
sulphuric acid will be added. The content of flask will be 
heated on temperature controlled assembly for about 2 hr to 
allow complete reduction of nitrates present in the plant 
material by the organic matter itself. As a result, the 
contents of the flask will turn black. After cooling the 
flask for about 15 minutes, 0.5 ml 30% hydrogen peroxide 
will be added drop by drop and the solution will be heated 
again till the colour of solution changed from black to 
light yellow. After cooling for about 30 minutes an 
additioal 3-4 drops of 30% hydrogen peroxide will be added, 
followed by heating for another 15 minutes. The addition of 
30% hydrogen peroxide, followed by heating will be repeated 
if the content of the flask do not become colourless. The 
digested peroxide material will be transferred from the 
Kjeldahl flask to 100 ml volumetric flask with three 
washing, each with 5 ml double distilled water (DDW). 
Volume of the volumetric flask will be made upto the mark 
with DDW (100 ml). 
3.11.3.2 Estimation of nitrogen 
Estimation of nitrogen will be carried out 
according to Lindner (1944). A 10 ml aliquot of the above 
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digested material will be taken in a 50 ml volumetric 
flask. To this 2 ml of 2.5 N sodium hydroxide and 1 ml of 
10% sodium silicate solution will be added to neutralise 
excess of acid and to prevent turbidity respectively. The 
volume of the solution will be made upto the mark with 
distilled water. In a 10 ml graduated test tube, a 5 ml 
aliquot of this solution will be taken and 0.5 ml of 
Nessler's reagent will be added. The final volume will be 
made with distilled water. The content of the tube will be 
allowed to stand for 5 minutes for maxium colour 
development. The solution will be transferred to a 
colorimetric tube and optical density (O.D.) will be read 
at 525 nm with the help of a spectrophotometer. 
3.11.3.2.1 Standard curve for nitrogen 
50 mg ammonium sulphate will be dissolved in 1 
lit. DDW. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 
0.7, 0.8, 0.9 and 1.0 ml will be pipetted to ten different 
test tubes. The solution in each test tube will be diluted 
to 5 ml with DDW. In each test tube, 0.5 ml Nessler's 
reagent will be added. After 5 minutes, the optical density 
will be read at 525 nm on spectrophotometer. A blank will 
be run with each set of determination. Standard curve will 
be prepared using different dilution of ammonium sulphate 
solution versus optical density and with the help of the 
standard curve the amount of nitrogen present in the sample 
will be determined. 
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3.11.3.3 Estimation of phosphorous 
Total phosphorous in the sulphuric acid peroxide 
digested material will be estimated by the method of Fiske 
and Subba Row (1925). A 5 ml aliquot will be taken in a 10 
ml graduated test tube and 1 ml of molybdic acid (2.5 per 
cent ammonium molybdate in 10 N H2SO.), will be added 
carefully, followed by the addition of 0.4 ml of l-amino-2-
naphthol-4-sulphonic acid. The colour will turn blue. DDW 
will be used to make up the volume to 10 ml. The solution 
will ble shaken for 5 minutes and then transferred to a 
colorimetric tube. The optical density will be read at 620 
nm on a spectrophotometer. A blank will be used 
simultaneously with each determination. 
3.11.3.3.1 Standard curve for phosphorus 
351 mg potalssium dihydrogen orthophosphate will 
be dissolved in sufficient DDW to which 10 ml of 10 N 
sulphuric acid will be added and the final volume will be 
made upto 1 litre with DDW. From this solution 0.1, 0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml will be taken 
in ten different test tubes. The solution in each test tube 
will be diluted to 5 ml with DDW. In each test tube, 1 ml 
molybdic acid and 0.4 ml l-amino-2-naphthol-4-sulphonic 
acid will be added. After 5 minutes, the optical density 
will be read at 620 nm on spectrophotometer. A blank will 
also be run with each set of determination. Standard curve 
will be prepared using differet dilution of potassium 
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dihydrogen orthophosphate solution versus optical density 
and with the help of standard curve, the amount of 
phosphorous present in the sample will be determined. 
3.11.3.4 Estimation of potassium 
Potassium will be estimated with the help of flame 
photometer. After adjusting the filter for potassium in the 
photometer, 10 ml peroxide digested material will be run. A 
blank will also be run side by side with each set of 
determination. 
3.11.3.4.1 Standard curve of potassium 
1.91 g potassium chloride will be dissolved in 100 
ml of DDW, of which 1 ml solution will be diluted to 1 
litre. The resulting solution will be of 10 ppm potassium. 
From this 10 ppm solution, 1, 2, 3, 4, 5, 6, 7, , 9 and 10 
ml solution will be transferred to 10 vials separately. The 
solution in each vial will be diluted to 10 ml with DDW. 
The diluted solution of each vial will ble run separately. 
A blank will also be run with each set of determination. 
Standard curve will be prepared using different dilution of 
potassium chloride solution versus reading on the scale of 
the galvanometer. The amount of potassium present in sample 
will be determined with the help of standard curve. 
3.12. oil Analysis : 
The seed samples will be crushed to get a final 
meal for extracting the oil after separating them from 
extraneous material. 
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3.12.1 Determination of oil content 
25 g of crushed seeds will bge transferred to a 
Soxhlet apparatus and sufficient quantity of petroleum 
ether will be added. The apparatus will be kept on a 
hot-water bath running at 60°C for about 6 hrs for complete 
extraction of the oil. 
The petroleum ether from the extracted oil will be 
evaporated. The extracted oil will be expressed as a 
percentage by mass of the seeds and will be calculated by 
the following formula. 
100 X m 
"^ o 
Here, m = Sum of the mass in g of oil 
m = seed sample in gram. 
3.12.2 Determination of acid value 
The acid value of oil is the number of potassium 
hydroxide (KOH) required to neutralise free acid in Ig of 
oil. It will be determined by the following method 
(Anonymous, 1970). 
2 g oil will be dissolved in 50 ml solvent mixture 
of 95% ethanol and diethyl ether (1:1) in a 250 ml conical 
flask. Titration will be carried out with 0.1 N KOH 
solution, using phenolphthalin as an indicator and the 
number of ml (a) of 0.1 N KOH required will be noted. The 
acid value will be calculated by the following formula. 
Acid value = a x 0.00561 x 1000 
W 
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Here, a - number of ml of 0.1 N KOH 
w = weight of oil in gram. 
3.12.3 Determination of Iodine value 
The iodine value of an oil is the number of iodine 
absorbed by 100 g of oil and expressed as the weight of 
iodine. It will be determined by iodine monochloride method 
given below. 
2 g oil will be- taken in a dry ground neck flask 
to which 10 ml carbontetrachloride (CCl.) and 20 ml iodine 
monochloride (ICl) solution will be added. The flask will 
be stoppered and alloved to stand in a dark place for 
about 30 minutes. After 30 miutes, 15 ml potassium iodide 
(KI) solution and 100 ml DDW will be poured into flask with 
proper shaking. Titration will be carried out with 0.1 N 
sodium thiosulphate (Na-S^O-.) solution using starch 
solution as indicator. Number of ml (a) of sodium 
thiosulphate solution used will be noted. The same 
operation will be carried out without the oil and the 
number of ml (b) of 0.1 N sodium thiosulphate solution will 
be noted. Iodine value will be calculated by the following 
formula (Anonymous, 1970) 
Iodine value = (b-a) x 0.01269 x 100 
w 
Where (a) and (b) are the no. of ml of 0.1 N Na^S-0^ 
solution used in a sample and blank titration respectively 
and 'w' is the weight of oil in g. 
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3.12.4 Determination of saponification value 
The saponification value of an oil is the number 
of mg of KOH required to neutralised the fatty acids 
resulting from the complete hydrolysis of 1 g of the soil. 
2 g oil will be taken in a 250 ml conical flask to 
which 25 ml 0.5 N KOH solution will be added. The flask 
will be attached with reflux condenser and boiled on water 
bath for about 1 h with frequent rotation of the content of 
the flask. The excess of alkali will be titrated with 0.5 N 
HCl. The number of ml (a) of 0.5 N HCl will be noted. The 
same operation will be repeated without oil and the number 
of ml (b) of 0.5 N HCl required will be noted. (Anonymous, 
1970) . Saponification value will be calculated by the 
following formula. 
• -r- -^ 1 (b-a) X 0.02805 x 1000 Saponification value = ^ ' 
w 
Where (a) and (b) are the number of 0.5 N HCl used in 
sample and blank titration respectively and 'w' is the 
weight of oil. 
3.12.5 DETERMINATION OF FATTY ACID COMPOSITION 
It will be determined by the following method. 
3.12.5.1 Preparation of methyl ester 
A 8.0 ml mixture of methanol, benzene and 
sulphuric acid (84:10:4 w/v/v) will be transferred to screw 
capped corning glass tube of 15 x 125 mm containing 500 mg 
oil sample and refluxed at 80°C on a glycerine bath for 3 
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hrs. After completion of the reaction period, excess of DDW 
will be added to each tube and methyl ester will be 
extracted with hexane (3x5 ml). The supernatant organic 
layer will be washed 3 times with water. The hexane will be 
evaporated under a stream of nitrogen in a glycerine bath 
at 40°C. The oil sample will be again dried in similar 
manner by adding 3 ml azerotropic mixture (chloroform, 
benzene and methanol, 1:1:1 v/v/v) in order to remove 
moisture. 0.2 ml hexane will be added again to each tube 
and flushed with nitrogen after completion of the drying 
process. Immediately tube will be capped and kept at low 
temperature for chromatographic analysis (Chalvardjician, 
1964) . 
3.12.5.2 Gas liquid chromatography 
The qualitative and quantitative analysis of fatty 
acids in total lipids will be carried out by using 
Nucon-5700 gas chromatograph equipped with flame ionisation 
detector, using 10% silar (5, C.P. 80/100 gas chrom.) glass 
colume of 6 ft. x 2 mm. The qualitative examination will be 
accomplished by spiking the retention time with authentic 
reference standard (pure methyl esters of fatty acids and 
lipids of groundnut). The peak areas will be calculating by 
triangulation method. 
3.13 Statistical analysis 
All experimental data will be subjected to 
statistical analysis by adopting analysis of variance 
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technique according to the design of experiment (Panse and 
Sukhatme, 1985) and the significance of the result will be 
determined at 5% level of probability. If the data will be 
found significant, critical difference (CD.) will be 
calculated. Correlation of various characteristics wilh 
seed yield and quality characteristics will also be worked 
out. 
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APPSNOIX 
APPENDIX 
PREPARATION OF REAGENTS 
The reagents for various chemical determination will be 
prepared according to the following methods. 
1. REAGENTS FOR N, P AND K DETERMINATION 
a. Nessler's reagent 
3.5 g of potassium iodide will be dissolved in 100 
ml of DDW in which 4% mercuric chloride solution will be 
added with stirring until a slight red precipitate 
remained (about 325 ml of the solution will be required). 
Therefore 120 g of sodium hydroxide with 250 ml of 
distilled water will be added. The volume will be made 
upto 1 litre with DDW. The mixture will be decanted and 
kept in an ambar-coloured bottle. 
b. Molybdic acid reagent (2.5%) 
1.25 g of ammonium molybdate will be dissolved in 
175 ml DDW inwhich 75 ml 10 N-sulphuric acid will be 
added. 
c . Aminonaphthol sulphuric acid 
0.5 g of l-amino-2-naphthol-4-sulphonic acid will be 
dissolved in 195 ml of 15% sodium bisulphite solution to 
which 5 ml of 20% sodium sulphite solution will be added. 
The solution will be kept in amber-coloured bottle. 
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2. REAGENTS FOR OIL ANALYSIS 
a. Hydrochloric acid (0.5 N HCl) 
Hydrochloric acid (21.49 ml) will be mixed with 
478.51 ml of double distilled water to get 500 ml of 0. 5N 
HCl. 
b. Iodine monochloride solution 
Iodine (13 g) will be dissolved in a mixture of 300 
ml of carbon tetrachloride and 700 ml of glacial acetic 
acid and the resulting solution will be divided into 
solution A and B. To 20 ml of solution A, 15 ml of 
potassium iodide solution (f) and 100 ml of DDW will be 
added and titrated against 0.1 N sodium thiosulphate 
solution (g), using starch solution (i) as an indicator. 
Chlorine gas will be passed through solution B until the 
amount of 0.1 N sodium thiosulphate solution required for 
the titration will not be more than double of that needed 
in solution A. 
c. Phenolphthalein solution 
Phenolphthalein (10 g) will be dissolved in 95% 
ethanol and the volume will be made upto 1 litre. 
d. Potassium hydroxide solution (10 N KOH) 
Potassium hydroxide (5.6 g) will be dissolved in 95% 
ethanol and the volume will be made upto 1 litre. 
92 
e. Potassium hydroxide solution (0.5 N KOH) 
Potassium hydroxide (28 g) will be disolved in 95% 
ethanol and the volume will be made upto 1 litre. 
f. Potassium iodide solution (KI) 
Potassium iodide (150 g) will be dissolved in DDW 
and the volume will be made upto 1 litre. 
h. Solvent mixture 
Ethanol 95% will be mixed with diethyl ether in 1:1 
ratio. This mixture of solvent will be neutralised just 
before use by means of 0.1 N KOH solution in the presence 
of phenolphthalein solution as an indicator. 
i. Starch solution 
Soluble starch (1 g) will be dissolved in 100 ml of 
boiling:" DDW. 
